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To investigate the central and regional circulatory re-
sponse to orthostasis in congestive heart failure, hemo-
dynamic variables and forearm and hepatic blood flow
were measured in 22 patients at supine rest and during
a 65° head-up tilt. Results were compared with those in
nine normal subjects. Heart rate and mean arterial blood
pressure increased during tilt in normal subjects, but
not in patients with heart failure. Forearm blood flow
decreased in normal subjects from 3.7 ± 1.1 to 2.7 ±
1.5 ml/min per 100 g (probability [p] < 0.02), but did
not change from a lower baseline (1.65 ± 0.78 ml/min
per 100 g) in patients. Forearm vascular resistance in-
creased in normal subjects but not in patients. Hepatic
blood flow did not change during tilt in either group,
but hepatic vascular resistance increased in normal sub-
jects from 0.37 ± 0.13 to 0.47 ± 0.15 U, (p < 0.02).
The increase was not seen in patients (1.2 ± 1.1 to 1.4
The regional distribution of the cardiac output is abnormal
in patients with congestive heart failure when they are at
rest (l,2). During exercise, these patients exhibit inappro-
priately increased vasoconstriction in nonexercising vas-
cular beds (3,4). Much less information is available con-
cerning the effects of simple postural changes on the
distribution of blood flow in heart failure (5). We therefore
undertook the current study to investigate both the central
hemodynamic response and the responses of the forearm
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± 1.0 U, P = not significant [NSj). Total systemic re-
sistance increased in patients from 1,848 ± 560 to 2,132
± 731 dynes-s-cm -5 (p < 0.005) indicating that re-
sistance did increase in some vascular beds. Plasma nor-
epinephrine also increased modestly in these patients
from 665 ± 377 to 761 ± 379 pg/ml (p = 0.035), but
individual changes in plasma norepinephrine did not
correlate with changes in hepatic or forearm resistance.
Thus, both the overall hemodynamic response and
the regulation of regional bloodflow and resistance differ
in several respects in patients with congestive heart fail-
ure when compared with normal subjects. Changes in
heart rate, blood pressure, forearm flow and forearm
and hepatic vascular resistance are all blunted in pa-
tients. Reasons for the differences are not yet clear, but
may be associated with abnormalities in reflex control
of the circulation in patients with congestive heart failure.
and hepatic vascular beds to passive upright tilt in a group
of patients with congestive heart failure. In addition, we
measured plasma catecholamine levels during the procedure
in an attempt to learn if regional vascular responses cor-
related with changes in overall sympathetic nervous system
activity. The regional vascular responses of the patients were
compared with those in a group of normal subjects.
Methods
Study patients. Twenty-two patients with congestive heart
failure were selected from our clinic. There were 20 men
and 2 women whose ages ranged from 29 to 80 years (mean
= 58). All had clear clinical evidence of congestive heart
failure on the basis of history and physical examination and
supporting noninvasive data for the diagnosis such as de-
pressed fractional shortening by echocardiography or de-
pressed ejection fraction by radionuclide scan. The cause
of the congestive heart failure was either primary or ischemic
cardiomyopathy. No patient was studied within 3 months
of a myocardial infarction.
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* p < 0.05; t P < 0005; :j: P < 0.001.
Values = ± I standard deviation.
Table 1. Hemodynamic Responses to Orthostasis in Congestive
Heart Failure
Results
Hemodynamics. The hemodynamic response to upright
tilt in the patients with congestive heart failure is shown in
Table I. Neither heart rate nor mean arterial pressure changed.
Cardiac output decreased slightly but significantly and sys-
temic vascular resistance increased. In contrast, normal sub-
jects responded to tilt with an increase in heart rate (±
standard deviation) from 74 ± 8 to 81 ± 9 beats/min
(probability [p] < 0.001), and an increase in mean arterial
pressure from 77 ± 11 to 85 ± 12 mm Hg (p < 0.01).
Both changes were consistent with previous reports on the
effects of tilt. Cardiac output was not measured but it is
reported to decline during tilt in normal persons while the
systemic vascular resistance increases (8).
min per 100 g (forearm studies) or of mean arterial pressure
and K (hepatic studies).
After control measurements were obtained, the patient
was tilted to a 65° head-up posture on a tilt table .. use of
antigravity muscles was permitted during the tilt. After a
minimum of 10 minutes in the upright posture, hemody-
namic measurements were made as in the control period
along with measurements of forearm and hepatic flow. Blood
was sampled again for plasma norepinephrine concentration.
Results of all tests in the two positions were compared by
paired t tests.
Control subjects. Similar but more limited studies were
carried out in nine normal subjects (seven men and two
women) aged 28 to 40 years (mean 34). In these normal
subjects, hemodynamic measurements were confined to heart
rate and blood pressure, the latter measured by cuff. Forearm
and hepatic blood flow (in seven of the nine subjects) were
determined by the same means as in the patients with heart
failure and the tilt protocol was the same. Norepinephrine
levels were not measured in these normal subjects because
an increase in plasma catecholamines during orthostasis has
been previously established in normal persons using spec-
trofluorometric measurements (8) and has been confirmed
in our laboratory using radioenzymatic techniques (13).
83 ± 15
87 ± II
5 ± 7:j:
21 ± 11*
3 4 ± 0.83*
2,132 ± 73It
Control Tilt
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Heart rate (beats/nun)
Mean arterial pressure (mm Hg)
Right atrial pressure (mm Hg)
Left ventricular filling pressure (mm Hg)
Cardiac output (liters/min)
Systemic vascular resistance
(dynes-s-cm -0)
Protocol. After giving informed consent, patients were
admitted to a clinical research unit where administration of
all vasodilating and diuretic drugs was discontinued for at
least 48 hours before study; however, digitalis and antiar-
rhythmic agents continued to be given if the patient had
been taking these medications before the study. During the
observation period, the patients were watched carefully and
if their condition was clinically stable, they were brought
to a special procedure room on the fourth or fifth hospital
day after an overnight fast. A 7F Swan-Ganz thermodilution
catheter was inserted via percutaneous puncture of a brachial
or femoral vein. In addition, a short arterial cannula was
placed in the brachial or femoral artery. The patient was
then allowed to rest for 30 to 60 minutes.
At the end of the rest period. control measurements were
made of the heart rate, arterial pressure. right atrial pres-
sure, pulmonary artery and pulmonary capillary wedge
pressures. A line drawn in the axilla at approximately 5 em
below the angle of Louis was taken as the zero reference
point for all pressure measurements throughout the study.
Cardiac output was determined in triplicate by thermodi-
lution. Measurements were repeated at 10 minute intervals
and accepted as basal if they differed by less than 10%. At
this time, blood was sampled for norepinephrine determi-
nation, which was later performed by a radioenzymaticmethod
(Cat-a-kit, Upjohn Company). Control measurements were
also made of forearm blood flow by cuff plethysmography
(6), using a wrist cuff inflated to 200 mm Hg and an arm
cuff inflated during the collection to 30 mm below diastolic
blood pressure. Several determinations were taken and av-
eraged for each measurement.
Hepatic blood flow was measured indirectly using the
clearance of indocyanine green (7). A bolus injection of dye
(25 mg) was used followed by serial blood sampling (5 cc)
in an artery or vein at 3 minute intervals for 12 to 15 minutes.
Concentration of dye was determined by spectrophotometric
analysis of plasma at a wave length of 830 nm. The ratio
of a constant (the natural log of 1J2, which equals 0.693)
and the half-life in minutes of the injected dye gives a value
K that is directly proportional to hepatic blood flow, the
actual measurement of which requires determinationof plasma
volume and the hepatic extraction of dye. If it is assumed
that an intervention does not alter plasma volume or the
actual hepatic extraction of indocyanine green, then changes
in K will reflect changes in hepatic blood flow. This as-
sumption was made for the purpose of this study because
we did not think it justified to place the additional catheters
needed to actually determine the arteriovenous difference
in dye across the hepatic bed and did not expect plasma
volume to change markedly during the relatively short du-
ration of the tilt.
The vascular resistance across each vascular bed was
calculated as the ratio of mean arterial pressure (determined
by electronic integration of the arterial pulse wave) and flow/
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Altered sympathetic response to tilt in heart failure.
The explanationfor the differences in responseof the various
regional vascular beds is not obvious. Our normal control
subjects weresomewhat younger than our patients with heart
failure; however, the fact that the regional blood flow re-
sponses were qualitatively and not only quantitatively dif-
ferent in the two groups diminishes the likelihood that we
were simply observing an age-related difference. The ex-
planation is more likely associated with fundamental ab-
normalities in reflex control of the peripheral circulation in
heart failure. Increased activity of the sympathetic nervous
system, for example, is thought to contribute to the overall
CHF (n =19)
Figure l. Response of forearm blood flow and resistance to up-
right tilt in normal subjects and patients with co nges tive heart
fa ilure (CHF). Bars = I standard deviation . MAP = mean arterial
pressu re ; n = number of subjec ts; NS = not significant: p =
probability .
Discussion
Regional blood flow response durin g upright til t. This
study demonstrates that the responses of forearm and hepatic
blood flow and resistance to upright tilt differ in patients
with heart failure and normal subjects. In normal subjects,
forearm blood flow decreased and forearm vascular resis-
tance increased. whereas in patients with heart failure no
change was observed in either variable. Although hepatic
blood flow did not change during tilt in either normal sub-
jects or patients with heart failure, hepatic vascular resis-
tance increased in the normal subjects but not in patients
with heart failure. Total systemic vascular resistance did
increase in patients with heart failure (however, not to the
same degree as reported in normal subjects [8]), and the
lack of increase in forearm and hepatic resistance suggests
that vasoconstriction in other vascular beds must have been
responsible for the increase in total resistance in patients
with heart failure. In such patients, therefore, the overall
regulation of vascular resistance during tilt appears to be
different than in normal subjects.
Regional blood flow. Figures 1 and 2 show the results
of the regional blood flow measurements obtained at rest
and during tilt. Normal subjects demonstrated a significant
decrease in forearm blood flow in response to tilt from 3.7
± 1.1 to 2.7 ± 1.5 ml/min per 100 g. (p < 0.05) and
forearm vascular resistance increased from 22 ± 5.2 to 38
± 14U, (p < 0.02). In contrast. the patients with congestive
heart failure. who had significantly lower flow at rest (1.6
± 0.78 mllmin per 100 g) and higher resistance (70 ± 42
U), did not demonstrate a change in either variable during
tilt. Hepatic blood flow. also lower at rest in patients with
heart failure than in normal subjects, as reflected by K (III
± 76 versus 206 ± 41. p < 0.00 I) , did not change sig-
nificantly in either group during tilt; however, hepatic vas-
cular resistance increased significantly in the normal sub-
jects from 0.37 ± 0.13 to 0.47 ± 0. 15 U (p < 0.02). but
did not change in the patients with congestive heart failure
(1.2 ± 1.1 versus 1.4 ± 1.0, P = NS).
Plasma norepinephrine. Plasma norepinephrine in-
creased from 665 ± 377 to 761 ± 379 pg/rnl, p = 0.035
during tilt in the patients with heart failure as a group. The
response was variable with some subjects exhibiting an in-
crease in norepinephrine level and others either a decrease
or no change. To determine if changes in plasma norepi-
nephrine paralleled changes in regional vascular resistance,
the change in norepinephrine was comparedwith the change
in both forearm and hepatic vascular resistance. No signif-
icant correlations were apparent. withcorrelationcoefficient
(r) values of - 0.25 (percent change in norepinephrine ver-
sus percentchange in forearm vascularresistance) and - 0.36
(percent change in norepinephrine versus percent change in
hepatic vascular resistance).
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Figure 2. Response of hepatic blood flow (K) and resistance to
upright tilt. Bars = 1 standard deviation. Abbreviations as in
Figure 1.
pathetic response is not known, but it may be associated
with abnormalities of the efferent or afferent limbs of the
reflex arc.
The response of the sympathetic nervous system to or-
thostasis may be triggered by afferent stimuli from either
the sinoaortic or cardiopulmonary baroreceptors, or both.
Both the sinoaortic baroreflex (at least in regard to its para-
sympathetic components) and the cardiopulmonary baro-
reflex have been found abnormal in experimental and human
heart failure (10,11). An attenuated sympathetic response
to tilt could occur, at least in part, as a result of such
dysfunction. Alternatively or in addition, because total sys-
temic vascular resistance and plasma norepinephrine did
increase at least to a slight degree (suggesting that sym-
pathetic tone increased in some vascular beds), the abnor-
mality during tilt could be on the basis of disordered efferent
limbs of the two baroreflexes resulting in altered distribution
of whatever increase in sympathetic activity occurs.
Although abnormalities in either or both the afferent and
efferent limbs of the sympathetic reflex response to ortho-
stasis may have affected the attenuated regional vascular
responses in our study, the lack of response was probably
not simply a function of maximal basal vasoconstriction.
Zelis et al. (3) have demonstrated that with exercise, patients
with heart failure exhibit even more vasoconstriction in non-
exercising vascular beds than do normal subjects despite
decreased blood flow at rest. Therefore, the problem during
orthostasis may be peculiar to this particular stress.
Other neurohumoral control networks could also be in-
volved in the vascular response to tilt. Although a role for
angiotensin 11 and plasma arginine vasopressin in the main-
tenance of blood pressure during orthostasis has not been
directly demonstrated in normal subjects, both plasma renin
activity and plasma vasopressin do increase with this stim-
ulus under normal circumstances (12) and fail to do so in
patients with congestive heart failure (13,14). Therefore, it
is conceivable that the lack of response in these neurohu-
moral controllers may also contribute to the differences in
vascular regulation during tilt.
Previous studies. The results of this study differ in one
respect from an earlier study (5) that found that forearm
blood flow actually showed a paradoxical increase during a
head-up maneuver in patients with heart failure. In that study
(5), the patients formed a clinically heterogeneous group,
were poorly characterized by their hemodynamic status,
were subjected to tilting protocols that did not closely ap-
proximate true orthostasis and that were not the same for
all subjects and were compared only with a severely hy-
pertensive control group. It is therefore difficult to compare
those results with our own. However, it may be postulated
that if patients are sufficiently symptomatic at the time of
study such that being supine causes an exacerbation of
symptoms, the relief provided by upright position could
conceivably cause a withdrawal of sympathetic tone and
therefore actually increase forearm blood flow.
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increase in systemic resistance during assumption of the
upright posture because it is a rapidly acting control network
(9) and plasma norepinephrine increases during upright tilt
by an average of 82% in normal subjects (13). Although
plasma norepinephrine increased slightly (15%) during tilt
in the patients with heart failure, the increase was not con-
sistent and the absence of an increase in heart rate or arterial
pressure suggests that the sympathetic response to tilt was
attenuated. This reduced sympathetic response may account
for the failure of forearm and hepatic vascular resistance to
increase during tilt. The mechanism of this altered sym-
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Conclusions. This study demonstrates abnormalities in
the regulation of regional vascular blood flow and resistance
in patients with congestive heart failure during tilt. The
explanation of the abnormalities is not clear but may involve
perturbations in the reflex mechanisms controlling the pe-
ripheral vasculature. Peripheral vasoconstrictor mechanisms
that demonstrate heightened activity in the hepatic and fore-
arm beds at supine rest in patients with congestive heart
failure and that may show exaggerated responses to exercise
do not seem as responsive to orthostatic stress in this con-
dition as they are in normal subjects.
We thank Susan Ziesche, Kathy Gross, Peter Carlyle and Ada Simon for
their help in performing this study and Belinda Anderson for preparing the
manuscript.
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